ABSTRACT. We isolated porcine cytomegaloviruses (PCMVs) from lung samples of fattening pigs collected in the slaughter houses of 4 prefectures of Japan. Seven isolates were obtained and used for a comparison of serological characteristics by ELISA. J1, the first field isolate in Japan, and B6 which was isolated in the UK were also used in the study. The serological relationships between the isolates were analysed by the method of Archetti and Horsfall. OF1 showed serological differences with Chiba2 and Hiroshima. Differences were also observed between Chiba2 and ChibaC, ChibaC and Kagawa. B6 showed differences with OF2, Chiba3, ChibaC and Hiroshima. -KEY WORDS: ELISA, porcine cytomegalovirus.
5-week-old Slc:ICR mice. To prepare the viral antigen, PCMV was precipitated with 33% ammonium sulfate from the cultured supernatant and dialyzed against PBS at 4°C overnight. The mice were immunized once with 10 mg of antigen intraperitoneally followed by a subcutaneous immunization with 1 mg of the same antigen 9 days later. Further the mice were twice immunized subcutaneously with 10 mg of ELISA antigen at intervals of 6 and 11 days. Seven days after the last inoculation, the mice were bled and the serum was collected. The serum was inactivated, diluted 1:10 with PBS and then absorbed twice at 37°C for 1 hr with the same volume of PFT packed cells. The decrement of the reactivity of each antiserum with normal PFT cells was confirmed by ELISA.
Each viral antigen for ELISA was prepared by solubilizing the virus infected cells with reticulocyte standard buffer (0.01 M NaCl, 0.0015 M MgCl 2 , 0.01 M Tris-HCl, pH 7.4) containing 0.2% Nonidet P-40. The optimal antigen dilution to be used was determined by checkerboard titration. Protein concentration of each antigen diluted to 4 units was assayed with Bio-Rad Protein Assay (Bio-Rad Laboratories, U.S.A.) and ranged from 26.4 µg/ ml to 36.3 µg/ml. We prepared each antigen at the protein concentration of 30 µg/ml that was the same concentration as before [7] . Normal cell antigen was also prepared in the same manner and used as a negative control.
The ELISA, using mouse antisera and horseradish peroxidase-conjugated anti-mouse IgG goat serum (Bio Source International, U.S.A.), was carried out as previously described [7] . A twofold serial dilution, starting from 1:1,000, of test sera was reacted with viral antigen or normal antigen coated on duplicate microplate wells. The colorimetric enzyme assay was carried out by addition of 2,2-azinobis(3-ethylbenzthiazolinesulfonic acid) as a substrate and the absorbance at 405 nm was measured. The absorbances of the viral antigen-coated wells were subtracted by those of the normal antigen-coated wells. If the subtracted absorbance was higher than 0.1, it was considered positive. The test was done twice and the antibody titer was expressed as reciprocal geometric means * PRESENT ADDRESS: KAWAMURA, H., Ghen Corporation, Tochigi Laboratory, 82-1 Ogura, Imaichi, Tochigi 321-11, Japan.
Porcine cytomegalovirus (PCMV) is the agent responsible for inclusion body rhinitis in swine. The wide spread of PCMV infection in Japan was confirmed by enzyme-linked immunosorbent assay (ELISA) using the PCMV OF1 isolate [7] . Although 99.4% of the fattening pigs tested had antibodies against PCMV OF1 strain, the antibody titers varied from 400 to higher than 12,800. Certain antigenic differences in human cytomegalovirus strains have been reported by both virus neutralizing activity [1] and indirect membrane-immunofluorescence [4] . However, serological differences between PCMV strains have not been examined. In the present study, we compared the serological relationship between 8 PCMVs isolated in Japan and one isolated in the UK.
A cell line, 19-PFT-F (PFT), established from the pig fallopian tube [3] was used for the isolation and propagation of each strain of PCMV. The cells were grown in Eagle's minimum essential medium with 0.3% dehydrated tryptose phosphate broth, 10% calf serum and antibiotics.
Lung macrophages of fattening pigs were collected in the slaughter houses of Osaka, Kagawa, Hiroshima and Chiba in 1989 and 1991.
After slaughtering and dressing, the lung was washed with phosphate buffered saline (PBS). The washing solution was centrifuged to collect lung macrophages and the cells were cultured overnight at the Livestock Hygiene Service Center of each prefecture. The cultured macrophages were then sent to our laboratory and were cultured with PFT cells for at least 1 week. After the 3rd passage, the cells were examined for cytopathic effects. At the same time, PCMV antigen was detected by the direct immunofluoresecent test using fluorescent-conjugated anti-PCMV serum [6] . The infected culture fluids were used for the plaque cloning. After three rounds of plaque cloning, 7 isolates were obtained. J1, the first isolate of PCMV in Japan [6] and B6 from the UK [8] were also included in this study.
Antiserum against each strain of PCMV was prepared in of the highest serum dilution that indicated positive. The antigenic relationship between virus strains was determined according to the method described by Archetti and Horsfall [2] . In the equation r = r 1 × r 2 , r is the geometric mean of the titer ratios r 1 and r 2 , where r 1 is calculated by dividing the titer of antiserum to virus 1 tested against virus 2 by its titer against virus 1, and r 2 is calculated by dividing the titer of antiserum to virus 2 when tested against virus 1 by its titer against virus 2. The value of r estimates the degree of antigenic difference between virus 1 and virus 2. For identical viruses, r =1, while a value for r of 0.5 or 2.0 indicates a significant antigenic difference.
Seven PCMV isolates were cloned by 3 rounds of the plaque formation method. PCMV OF1 and OF2 were isolated from different pigs of the same farm in Osaka prefecture in 1989. From the samples of Chiba prefecture, 3 viruses were isolated. Among them Chiba2 and Chiba3 were derived from different pigs of the same farm while ChibaC was from a pig of a different farm. Hiroshima and Kagawa originated in a pig in Hiroshima and Kagawa prefectures, respectively. These 5 isolates were isolated from samples collected in 1991.
The results of the ELISAs are summarized in Table 1 .
Antiserum against the OF1 showed a higher antibody titer than any other antisera while antiserum against J1 in general showed a low titer. The antibody titers of anti-B6 serum against OF2, Chiba2, Chiba3, ChibaC, Kagawa and Hiroshima were more than fourfold higher than against a homologous virus.
As the ELISA titers of antisera against homologous antigens were varied from 90,500 to 5,700, we adopted the Archetti and Horsfall method to analyze the antigenic relationship. In this method, the geometric mean of the titer ratios between 2 sera is calculated and the differences in antibody titers against each homologous antigen are crossed off. The results of the Archetti and Horsfall analysis of the antibody titer are shown in Table 2 . OF1 showed antigenic differences with Chiba2 and Hiroshima. Differences were also observed between Chiba2 and ChibaC, ChibaC and Kagawa. B6 which was isolated in the UK showed a difference with 4 Japanese isolates including OF2, Chiba3, ChibaC and Hiroshima.
Andersen [1] previously reported certain antigenic differences between a field strain of human cytomegalovirus and the laboratory strain AD169 using a neutralization test with rabbit hyperimmune sera. Using the same antisera, Gönczöl and Andersen [4] reported variations in human cytomegalovirus strains by membrane immunofluorescence. The results of the present ELISA indicate that serologic differences exist among strains of PCMV Japanese isolates as well as human cytomegalovirus. Previously we compared the antibody titers against PCMV obtained by serum neutralization test, indirect fluorescent antibody test and ELISA, and found that ELISA was most sensitive [7] . Further study including neutralization tests might be important for serological characterization of PCMVs.
Although the difference between B6 strain and Japanese isolates might suggest that the differences are related to geographical distance, more strains from a variety of countries need to be examined.
It is interesting that the antibody titers of the anti-B6 serum against heterologous viruses were higher than that against the homologous virus. In PCMV, characterization of the viral proteins and the analysis about the immunogenic polypeptides have not yet been carried out. In human cytomegalovirus, a structural protein p65 is one of the most immunogenic polypeptides and variations of p65 among field isolates have been reported [5] . Further analysis of the viral polypeptides detected by each antiserum is important to understand such differences in reactivity.
